INTRODUCTION
In currently employed 4G networks all the devices communicate via base station (BS) even if these devices are in very close vicinity. Although this mode of operation eases the network management but lacks in the efficient use of network resources mainly the bandwidth and the power [1, 2] . Therefore, a new idea of D2D communication has emerged in the recent years for the upcoming 5G networks. It is anticipated that 5G cellular networks will be a combination of currently deployed cellular network along with a coexisting D2D networks as shown in Figure 1 . This latest trends and increased interest in D2D communication is due to change in the attitude of the telecom operators. Previously, telecom operators believe that local services are just a fraction of overall communication services. However, by witnessing the recent growth in the number of contextaware services and applications, several vendors and operators deem D2D as a promising tool to reduce the cost of local services in terms of bandwidth and power consumption [3, 4] . In D2D network the devices are allowed to communicate either directly or with the participation of BS. Having a look at different existing technologies, Wi-Fi and Bluetooth are already providing D2D communication. So the question is why we need to add D2D communication as a part of cellular communication network. The reason is that unlike Wi-Fi and Bluetooth which operates on the unlicensed spectrum, by adding D2D will allow devices to communicate with each other directly over the licensed channel. This will guarantee higher quality of service (QoS) and secure communication [5] . The basic idea of upcoming 5G networks is to operate as a two tiers networks i.e., macro cell and device tiers in macro-cell tier, device will communicate with other device through the BS. The device tier will implement the D2D communications. When devices communicate through BS they are said to be in the microcell tier. If two devices directly communicate with each other or realize their communication by relaying their information through other devices, then these devices are said to be in device tier. The BSs will continue to serve the devices as usual in such a system. However, the devices at the cell edges or congested areas will be allowed to communicate in device tier which in turn will create an ad hoc mesh network. In device-tier 978-1-5386-6392-9/18/$31.00 ©2018 IEEE communication, macro cell and device tiers, the operator might have different levels of control. The operator may exercise full, partial or no control of BS over the allocated resources for the ongoing D2D communication. Based on this, D2D communication in device tier can be classified mainly in two different types [5] . Direct D2D communication with operator controlled link establishment (DC-OC): In this model, BS is responsible to allocate the resources for D2D communication and it establishes the link between source and destination devices. However, after the link is established, communication can occur between the devices without going through BS.
On the other hand, direct D2D communication with device controlled link establishment (DC-DC): In this type of communication, BS is neither involved in allocation of resources nor in the link establishment. The devices are allowed to select the resources and communicate between them directly. The resource management is one of the key challenges in D2D communication which needs to be addressed for its success in 5G networks [6, 7] . This paper opted DC-DC model for communication in the device tier. This is mainly focused towards a selforganized energy efficient channel assignment for D2D communication, while guaranting the desired communication QoS. The energy efficiency of a link is computed as a ratio of throughput obtained and energy consumed in an observation period. Therefore, we first established a link capacity and energy model based on PU activities, and then formulated an optimization problem for channel assignment in D2D communication, with the objective of maximizing the energy efficiency while considering the spectrum sharing constraints among the nodes. Then, to solve the problem while keeping in view the self-organization and scalability concerns of D2D communication, and simplicity of the solution to be implemented in real-time, we proposed the game theory based channel assignment approach.
The rest of the paper is organized as follows. Section 2 presents a system model problem description. Section 3 presents the methods to solve the formulated problem using game-theory. Section 4 demonstrates simulation results and finally, conclusions are drawn in Section 5.
II. SYSTEM MODEL
The core objective of this paper is to develop a channel assignment mechanism for D2D communication in 5G networks by maximizing the overall energy efficiency of the network. It is assumed that all the D2D devices are equipped with cognitive radio capabilities. Therefore, each device has the capability of accessing the channels in an opportunistic manner. The energy efficiency of a link is defined as bits per joule, which serves as a metric for measuring the energy efficiency performance of the network and mathematically, it is written as, E R ( 1 ) where R denotes the capacity of the link in the form of bits per second and E is the energy consumed of the link per sec, respectively. The number of bits transmitted bits over a link can be computed as follow, s T B R (2) where B is the throughput of the link and s T is the duration of the slot for which the channel assignment is performed. The throughput B is computed using the Shannon's capacity formula, whereas s T is a predefined duration. The energy consumed over a link can be computed as follows.
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where P and P_{idle} are the power consumed by a device in transmitting or idle state respectively, and x T is the duration of transmission of a device during a slot duration s T .
Given the N number of devices, each with different available channels out of the M total number of channels. The availability of each channel is modelled as an ON/OFF Poisson process [8] . Specifically, each device is allowed to access the available channel only when it is empty. Let 
The objective of the above mentioned problem is to maximize the energy efficiency of D2D communication in a non-cooperative manner until a Nash Equilibrium point is reached. The constraint C1 means that only one channel is allocated for a link connecting the mth and nth D2D devices. 
is an allocation of subset of channels from a total pool of M channels. More specifically, each player makes decisions iteratively in a distributive manner until a Nash Equilibrium is reached. A Nash Equilibrium is defined as a stable operating point of a non-cooperative game and after that none of the players can change their actions unilaterally by increasing the utility function. A potential game converges to a Nash Equilibrium if better response dynamics is applied, where the best response dynamics is updating actions of the nth player while the actions of other players remains fixed [9] . To obtain the Nash equilibrium for the potential game several learning techniques are available. We opted the best response dynamic. Best response dynamics is a method of updating strategy fin which players maximize their individual utility function keeping the strategies of the other players constant. After traversing through all the players, if there is no more increase in the network utility is reported, then it means a Nash equilibrium is achieved. Mathematically, the best response dynamics of the nth player associated with the action profile at time t+1 should satisfy the condition,
is the action profile of the nth player at time t. A strategic form non-cooperative game is termed as an exact potential game, if there exists a function n U such that,
The potential function in (6) represents that an improvement in the utility function corresponds to an improvement in the potential function.
C. Proposed Utility Function and Potential Function
To solve the problem given in equation (4) using a potential game approach, the utility function of the nth player is the same as the objective function,
, ( (10) where the utility function n U mentioned above corresponds to the maximization of the energy efficiency of D2D communication.
Based upon the utility function in (10), the potential function is formulated as according to (9) ,
Thus, if the afore-mentioned function is an exact potential function and
is the maximization of the potential function, then the Nash Equilibrium is guaranteed. On the other, the action profile is compact and convex, and the potential function ) , ( n n A A is continuously differentiable, the existence of a Nash Equilibrium is confirmed [10] .
IV. SIMULATION RESULTS
In this section, first, we define the parameters chosen for the evaluation of the proposed technique. A geographical area of 500 m 2 is considered for the deployment of D2D communication devices. In the considered area, the devices are distributed in a random manner. It is assumed that each device has only two radio interfaces. M unique channels are considered where each channel has a frequency band of 10MHz. The channels available that are available for each device is a subset of M channels. And the channels which are available at any two devices may be partially of completely different from each other. In the simulation, this is done at each device by selecting some of the channels from the pool of these available M channels based on of the probability of the presence of absence of cellular user on that channel. The probability that a channel is empty or occupied is taken to be same for every channel. But it is independent for each channel. For simulation the probability that a channel is occupied is taken to be0.8. It is assumed that each device adopts binary orthogonal frequency shift keying modulation with a path-loss exponent n equals to 4. Moreover, each device transmission range is 100 meters and the interference range is 150 meters with an antenna constant of 62.5. The noise power spectral density value is taken to be -110 dBm/Hz. Furthermore, it is assumed that all the devices always have the data to be transmitted. To measure the performance of the proposed technique, energy efficiency per node (bits/Joule/node) is considered as the performance metric, that is computed by varying the number of devices and channels. Fig. 2 shows the average energy efficiency per device in terms of varying number of channels. The channels are varied from 10 to 25. The numbers of devices are fixed to 100. An increase in the available channels results in an increased opportunity of assigning channels to more and more devices. Therefore, the average energy efficiency per device increases with the increasing number of channels. But the rate slows down beyond a certain point for each technique because of the limit imposed on the number channel that can be assigned to each device as mentioned in constraint given in equation (4). 3 shows the average energy efficiency per device is reported in terms devices. The numbers of devices are varied from 10 to 400. Initially, it can be seen that with increase in devices the average energy efficiency per device increases because of the room available to make efficient reuse of the available channels in the spatial domain. However, when devices are increased to a certain point in the considered geographical region, the average energy efficiency per device starts decreasing due to the fact that there is almost no more room left for spatial reuse of the available channels. Hence, average energy efficiency per device decreases with the increase in the number of devices.
V. CONCLUSION
In this paper, first, we discussed the motivation behind channel assignment for cognitive radio based D2D communication. Then, we identified models for D2D communication. For this paper, we opted direct D2D communication model with the assumption that each device is equipped with cognitive radio capability. Based on a cognitive radio based direct D2D communication model, an optimization problem is formulated for channel assignment. To solve this problem, a fully distributed game theoretical approach is adopted. The objective of the proposed technique is to maximize the overall energy efficiency of the D2D communication devices. The simulation is done to evaluate the performance of the proposed technique in terms of energy efficiency by varying the number of devices and the number of channels. The simulation results show that the proposed approach is quite effective in assigning the channels to each link in terms energy efficiency.
